
Section 6.7  START CORRECTION FACTORS

This section discusses the development of revised Start Correction Factors for all Light-
and Medium-Duty vehicles in EMFAC2000.

6.7.1  Introduction

Start Correction Factors (StCF) in the current emissions inventory model (MVEI7G1.0c)
are used to adjust the basic FTP based bag 1 emission rates to model start emissions for
real-world driving conditions.  While the FTP cycle had been historically used to
represent in-use driving patterns, recent studies have instead established that the Unified
Cycle (UC) represents a more contemporary account of typical driving events, including
higher speeds and acceleration/deceleration rates than the FTP cycle.  For this reason, the
basic emission rates in the new model, EMFAC2000, will be based on the UC.  The Start
Correction Factors therefore need to be updated accordingly to coincide with this change.

Another purpose of the StCF is to adjust the basic emission rate to model start emissions
that are independent of running emissions.  This is accomplished by focusing strictly on
the emissions produced by the start-up procedure, defined as the emissions produced in
the first 100 seconds.  Numerically, the Start Correction Factor is defined as follows:

CE100 UC bag 1 (g)
StCF = (6.7-1)

UC bag 1 (g/mi)

where StCF = Start Correction Factor (mi per 100 sec),
CE100 UC bag 1 = cumulative emissions within the first 100 seconds 

of bag 1 of the Unified Cycle (g),
UC bag 1 = bag 1 emission rate of the Unified Cycle (g/mi).

6.7.2  Data Analysis

Modal (second-by-second) data were gathered from the Light- and Medium-Duty Vehicle
Surveillance Programs conducted at the Haagen-Smit Laboratory facilities of the Air
Resources Board.  A total of 238 automobiles and trucks were tested over the Unified
Cycle.  After a comprehensive statistical data analysis, the Start Correction Factors were
calculated and grouped by technology.  Table 6.7-1 contains the resulting correction
factors that are applied to the basic emission rate of bag 1 of the UC to yield start
emissions for trips that are taken after an overnight soak.  These factors are applicable to
all light- and medium-duty vehicles and are applied using the following equation.



BERC = BER (g/mi) * StCF (mi) (6.7-2)

where BERC = corrected emission rate (g/100 sec for the overnight soak),
BER = basic emission rate of UC bag 1 (g/mi),
StCF = Start Correction Factor (mi per 100 sec).

Table 6.7-1.  Start Correction Factors

Non-
Catalyst

Oxidation
Catalyst

Three-Way 
Catalyst 

Carb/TBI MPFI
HC 0.4565 0.6010 0.6472 0.7897
CO 0.4283 0.5838 0.6087 0.8168

NOx 0.2235 0.2306 0.3448 0.4948
CO2 0.3632 0.3584 0.3546 0.3365

*     CARB - Carbureted
       TBI – Throttle-Body Fuel Injection
       MPFI – Multipoint Fuel Injection

6.7.3  Application of Correction Factors in Start Methodology

Once the overnight start emissions are calculated, soak factors are applied to estimate the
emissions of those trips that begin after shorter soak periods.  The soak factors are
calculated using the following polynomial equation.

Normalized Start Emissions of
HC, CO, NOx, and CO2 = a0 + a1 * t + a2 * t2 (6.7-3)

where  t = soak time (minutes),
ai = coefficients of the curves,
Normalized start emissions = grams per soak time i divided by grams per overnight soak.

The corresponding coefficients and soak time intervals for each technology group are
given in Table 6.7-2.  By using the above continuous functions in conjunction with the
start emissions produced following a cold soak, it is possible to estimate the amount of
start emissions produced after any soak time.
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While StCF are allocated into four technology groups, the Soak Factors that allocate the
emissions associated with different soak periods are defined by three groups: Non-
catalyst, Catalyst-equipped, and Advanced Catalyst vehicles (formerly referred to as
Electrically-Heated Catalyst).  In order to accommodate the different technology groups
for the StCF and Soak Factors, it is suggested that the matrix shown in either Table 6.7-
3a or 6.7-3b be used.  These tables contain the same information; they are both given here
for further clarification.

Table 6.7-3a.  Application of Correction Factors by Technology Group

Technology Groups of Corresponding Correction Factors

Basic Emission Rates Start Correction Factor Soak Factor
1-3, 40, 50-51, 70-71, 

90-91,150-151 I A

4-7, 41 II B

8-10, 14, 16-17, 19, 27, 42 III B
11-13, 15, 18, 20, 26, 43,

52-55, 72-75, 92, 152 IV B

21-24, 28-30 IV C
KEY

Start Correction Factors
I = Non-Catalyst
II = Oxidation Catalyst
III = Three-Way Catalyst Carbureted/Throttle-Body Fuel Injection
IV = Three-Way Catalyst/Multipoint Fuel Injection

Soak Factors
A = Non-Catalyst 
B = Catalyst-Equipped
C = Advanced Catalyst



Table 6.7-3b.  Application of Correction Factors by Technology Group

Technology Correction Factors (CF)
Groups Start CF Soak CF

1 I A
2 I A
3 I A
4 II B
5 II B
6 II B
7 II B
8 III B
9 III B

10 III B
11 IV B
12 IV B
13 IV B
14 III B
15 IV B
16 III B
17 III B
18 IV B
19 III B
20 IV B
21 IV C
22 IV C
23 IV C
24 IV C

26 IV B
27 III B
28 IV C
29 IV C
30 IV C

40 I A
41 II B
42 III B
43 IV B

50 I A
51 I A
52 IV B
53 IV B
54 IV B
55 IV B

70 I A
71 I A
72 IV B
73 IV B
74 IV B
75 IV B

90 I A
91 1 A
92 IV B

150 I A
151 I A
152 IV B
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